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1.
Highlights  The European Pompe Consortium stop criteria for enzyme replacement therapy  We advise to add the (re)evaluation of continuing therapy in advanced disease  After stopping enzyme replacement therapy, no rapid deterioration was observed  Treatment decisions should be handled in a multidisciplinary expert team 2. , E. Brusse a,* on behalf of the Erasmus MC Pompe expert committee
Introduction
Pompe disease (glycogen storage disease type II or acid maltase deficiency, OMIM ID: 232300) is a rare inherited metabolic and neuromuscular disorder, which presents as a clinical spectrum, ranging from the rapidly progressive classic infantile form, to more slowly progressive phenotypes in children and adults [1] [2] [3] [4] [5] . Enzyme replacement therapy (ERT) with alglucosidase alfa for Pompe disease, was in 2006
the first therapy for a neuromuscular disorder that received market authorization. In adults, ERT has shown to improve or stabilize muscle strength, pulmonary function and daily life activities, and has resulted in increased survival [6] [7] [8] [9] [10] [11] [12] [13] .
In the Netherlands, all patients with Pompe disease are referred to the Center for
Lysosomal and Metabolic diseases of the Erasmus University Medical Center, the national designated center of expertise for Pompe disease. To implement the costly therapy in our country in the most sensible way, a multidisciplinary expert committee was installed to decide on starting and stopping of ERT. Our center contributed to the realization of the European Pompe Consortium (EPOC) consensus recommendation for starting and stopping ERT in 2017, and implemented these criteria in our expert committee consultation [14] . The consensus guidelines imply that all patients undergo a fixed battery of assessments to evaluate the effects of the therapy [15] .
Reasons to consider discontinuation of ERT comprise infusion associated reactions (IARs), high neutralizing antibody titers, non-compliance to the treatment and/or assessment protocol, the patient's wish to stop ERT, other life-threatening illness or the lack of any clinical stabilization or improvement in the first 2 years of treatment.
The guidelines advise to consider restart of ERT if a patient deteriorates faster after ERT discontinuation than during ERT.
5.
In our experience, decisions regarding stopping ERT are often difficult, even when the EPOC stop criteria are met, particularly because ERT is currently the only available treatment for Pompe disease. Moreover, since the effects of stopping ERT on disease course are largely unknown, both physicians and patients usually fear for a relatively rapid decline after discontinuation of ERT, particularly when treatment has been effective.
In this study, we specifically focus on adult patients who discontinued therapy and evaluate the motives, clinical course, and the applicability of the EPOC treatment guidelines on stopping ERT. Furthermore, to gain insight in treatment decisions in patients with advanced Pompe disease or comorbidity, we evaluate the clinical course, treatment effect and causes of death of patients in whom ERT ended at time of death, with special regards to whether we should have considered discontinuation of ERT earlier in the course of disease in some. We aim to address important clinical dilemmas regarding discontinuation of ERT in adults with Pompe disease, with the intention to add to the use and optimization of the present EPOC treatment guidelines.
Methods

Study design
We analyzed data of patients who participated in a prospective, cohort study which includes all patients with Pompe disease in the Netherlands, which started in 6. and/or fibroblasts and by mutation analysis. Patients were included in the current study if they discontinued ERT for any reason, between start of ERT and January 1 st 2017. All patients gave their written informed consent.
Procedures
Clinical assessments were performed on a regular basis (every 3-6 months) and included the following parameters:
Skeletal muscle strength and muscle function
Skeletal muscle strength was measured by manual muscle testing using the were missing, no sum-score was calculated. The use of a wheelchair was registered at each visit.
Pulmonary function
Forced vital capacity (FVC) was measured in upright and supine positions according to ATS/ERS standards. Results were expressed as a percentage of the 7. predicted normal values [20] . The use of mechanical ventilation was registered at each visit.
ERT multidisciplinary expert committee
With efficacy, new comorbidity that largely interferes with the effects of ERT, high neutralizing antibody titers or infusion associated reactions.
Results
In total, 125 adult patients with Pompe disease were evaluated and included in the ongoing study. Figure 1 shows an overview of the study population. In 111 of 125 (88.8%) patients ERT was started. Of this group, 24 patients stopped receiving ERT (21.6%) and qualified for the current analyses. In 10/24 patients treatment was 8. discontinued for medical or personal reasons (group 1). In 14/24 patients, ERT ended when the patient died (group 2).
Group 1: Reasons for discontinuation of ERT for medical or personal reasons
In Table 1 , the reasons for discontinuation of ERT for the patients in our cohort are summarized, listed according to the six EPOC stop criteria. In four patients (3.6% of all treated patients), ERT was discontinued because of infusion associated reactions (IARs) (stop criterion 1). Usually, IARs can be managed by decelerating the infusion schedule and/or starting pre-medication with clemastine and hydrocortisone.
However, in these four patients, IAR symptoms and/or side effects of pre-medication remained unacceptable for the patient and therefore ERT was discontinued. Most frequent IARs were hyperthermia/fever and chills, (generalized) exanthema, hypertension and chest pain. In one patient ERT was discontinued because high antibodies that counteracted the effect of ERT were detected (stop criterion 2) [21] .
Two patients experienced the burden of the treatment as too high and requested to stop ERT, after 3 months and 5.9 years of treatment (stop criterion 3). In one patient we decided to discontinue ERT after 9 months, because of non-compliance to the treatment protocol (stop criterion 4). In one patient ERT was stopped because treatment for B-cell lymphoma was started (stop criterion 5). One patient discontinued ERT because of deterioration of clinical condition despite therapy (stop criterion 6). The characteristics of these 10 patients are summarized in Table 2 (Group 1). Median treatment duration was 2.1 years (range 0.3 -14.6 years).
Group 1: Disease course after discontinuation of ERT
9.
In seven patients, no follow up data after discontinuation of ERT were available. This was either because patients chose to stop clinical assessments after discontinuation, or because the patient's condition hampered clinical assessments.
The disease course in these seven patients is shown in Figure 2A . Previous studies on natural disease progression at group level in our cohort showed an estimated yearly decline in pulmonary function (FVC) in sitting and supine position of 1.0% and 1.3%, and in muscle strength (MRC) of 1.3% [22] . For the QMFT, no estimated yearly decline was calculated previously. We compared the disease course after treatment cessation in these three specific patients with estimated natural progression rates and observed a stable disease course, or a slow decline 10. similar to the estimated progression rate. No unexpected (rapid) decline in any of the outcome measures was observed in these patients.
Group 2: Deceased patients
In 14 patients, treatment with ERT ended when the patient died. We distinguished patients with a Pompe related cause of death, and patients with causes of death probably not related to Pompe disease. The characteristics of these patients, are summarized in Table 2 (Group 2). Four patients deceased from causes other than Pompe disease. The characteristics of these patients are shown in Table 2 . The upper part of Figure 3 shows the Pompe disease history and causes of death of these patients (Patients 2k- 11. 2n). Three patients died from malignancies (colon cancer, adrenal cancer and breast cancer). Median age at death was 69.1 years. Median duration of treatment was 2.7 years (range 0.2 -4.4). The clinical course of these patients is shown in the Appendix. All patients showed a good response to ERT (stabilization or improvement of motor and/or respiratory function).
Discussion
In our study, all 10 of 111 treated patients who discontinued ERT met at least one of the EPOC stop criteria, indicating that the current EPOC guidelines work well in decision making on stopping ERT. Concerns about disease progression arise when discontinuation of ERT has to be considered for specific reasons (i.e. IARs, serious comorbidity), particularly when treatment has been effective. Long-term follow-up data after discontinuation of ERT were available of three patients in our cohort (follow-up: 1.3 -8.0 years), in these patients a rapid decline after discontinuation was not observed. A Swiss study addresses the effect of temporary discontinuation of ERT in seven Pompe disease who had to stop ERT due to reimbursement issues [24] . In these patients, duration of treatment (3.1-61.1 months) and duration of treatment cessation (3.1-59.3 months) were quite variable, hampering direct comparison with the three patients who discontinued ERT in our cohort. The FVC rate of decline during cessation in the Swiss patients varied from -0.3 to -2.0% per month (median -1.4%). Muscle strength (MRC) did not decline significantly, although 6MWT did. Natural disease progression in our cohort is estimated -1.0% per year for FVC in upright position and -1.3% per year for MRC. The decline reported in the Swiss patients will at least in part represent natural disease progression, but to which extent remains unknown, as natural course data of these patients are not reported.
12.
Interestingly, clinical symptoms stabilized or improved after restarting ERT, also during long term follow up (36 months) [25] . This underlines the note in the EPOC stop criteria that restarting of ERT can be considered if the disease deteriorates faster after stopping than during treatment. Another study described four patients who discontinued ERT due to fatigue, inefficacy of ERT and incompliance, reporting a stable disease course after treatment cessation (with unknown follow up) [26] . This study did not refer to expected natural disease course either.
In 14 patients, treatment ended at time of death, 10 of these patients died as a consequence of Pompe disease. In the majority of these patients, ERT was continued until death. We therefore evaluated treatment effect in these patients, with
special regards to whether we should have considered discontinuation of ERT earlier in the course of these severely affected patients. All 10 patients who deceased as a consequence of Pompe disease started ERT shortly after reimbursement in 2006, when already being in an advanced stage of the disease (Figure 3 ). Eight patients displayed improvement or stabilization of motor and/or respiratory function after start of ERT. Our findings support the previously reported beneficial effect of ERT in advanced Pompe disease and the EPOC recommendation that ERT can be started also in severely affected patients [27, 28] .
Sudden death from acute-on-chronic respiratory failure was reported in the majority (n=7) of the patients who died from Pompe disease. Since these patients showed a positive response to ERT, there has never been a reason to consider discontinuation of ERT earlier in the course of disease. However, in our cohort one patient clinically deteriorated during ERT, which restrained him to visit our clinic for almost 18 months. Since this patient could not comply to yearly clinical assessments 13. anymore (EPOC stop criterion 4), we could have decided to discontinue ERT earlier in this patient.
The EPOC consensus states that if there is no effect of ERT after the first two years of treatment, ERT in principle should be discontinued (stop criterion 6). In our practice, a growing number of patients is on ERT well over two years, also in a more advanced disease stage. We advise (re)evaluation of the efficacy of and rationale for continuation of ERT during long-term treatment, particularly in patients in an advanced stage of the disease. In the current EPOC guideline, start criterion 5 ("The patient should have residual skeletal and respiratory muscle function which is considered functionally relevant and clinically important for the patient to maintain or improve") aims to refrain from starting ERT in severely affected patients. However, potential discontinuation of ERT in severely affected patients during long-term treatment is not addressed. To implement this re-evaluation, we propose to consider to stop ERT in a patient who has insufficient residual skeletal and respiratory function left to be functionally relevant. important limitation is the small number of patients of whom long term follow up data after discontinuation of ERT were available.
Our study evaluates our long-standing experience in treating adults with Pompe disease, focusing on decision making in stopping ERT. In three patients, who discontinued ERT in accordance with the stop criteria, we did not observe a more rapid decline after treatment discontinuation, which is often a concern of both patients and physicians. However, as the number of patients with long-term follow-up data after discontinuation of ERT was small, additional studies are needed. In general, the current EPOC guidelines work well in decision making on stopping ERT.
However, (re)evaluation of the rationale for continuation of ERT in (far) advanced disease stage is not addressed in the current criteria. We recommend to handle treatment decisions in a multidisciplinary expert team, to ensure objective and careful consideration of all relevant medical and non-medical aspects of the disease and its treatment, including quality of life, in every single patient.
19. cannot be ruled out that the aortic dissection was related to Pompe disease [23] .
ERT: enzyme replacement therapy. 23 .
Table 1 Applicability of the European POmpe consortium (EPOC) criteria for stopping ERT on the patients who discontinued ERT in our cohort
EPOC stop criteria N in our cohort 1. The patient suffers from severe infusion-associated reactions that cannot be managed properly. All data are median (range) unless otherwise specified. N: number of patients; ERT: enzyme replacement therapy. * N = 7, other patients deceased; † N = 3, patients died 1.0-3.3 years after discontinuation of ERT. 
